Congenital lymphedema is described in Hereford cattle. The disease was characterized by edema of the hind limbs, sometimes forelimbs, tail, and prepuce. Lymphatic system lesions were hypoplasia and aplasia of lymph vessels and prescapular, iliofemoral, and popliteal lymph nodes. Test matings demonstrated the transmission of the disease by an autosomal dominant trait with variable expressivity and incomplete penetrance.
owner in the affected calves at birth or some months phatic vessels, Methylene blue dye in 5% solution was in-after parturition. It was characterized by edema afjected into the interdigital space of the hind and forelimbs fecting the limbs, tail, and prepuce to different degrees of 11 animals l-4 hr before slaughter. Prescapular, iliofemo- (Fig. 1) . In mild cases, slight edema appeared at the ral, and popliteal lymph nodes were dissected and weighed. fetlock and distal metatarsal region of the hind limbs. All organs and lymph node samples were fixed in 10% for-In severe cases, the swelling was observed in the hind malin, embedded in paraffin, sectioned at 6 µm, and stained limbs below the femoral-tibia1 joint, in the forelimbs with hematoxylin and eosin (HE). below the carpus, in the tail, and in the prepuce of Twenty unrelated Hereford cows and 3 crossbreed cows, males. In these cases, the skin of the hind limbs showed Charolais x Ibagé, were mated over a 4-yr period with the Hereford bull suspected of transmitting the disease. The bull transverse fissures, mainly in front of the stifle and in was also mated with 9 of his daughters over a 3-yr period.
the posterior fetlock Gross lesions. In the 12 affected necropsied animals,
Results
5 showed edema of hind and forelimbs, tail, and pre- The subcutaneous tissue had translucent edema. There was proliferation of subcutaneous fibrous tissue, and From the Regional Diagnostic Laboratory, Faculty of Veterinary the muscles were swollen, pale, and hard.
Medicine, Pelotas University, 96100-Pelotas, RS, Brazil.
Prescapular and iliofemoral lymph nodes were
Received for publication June 20, 1990. smaller than in the control animals. Both popliteal lymph nodes were absent in 5 cases, whereas in 2 other cases only the left node was developed. When present, the lymph nodes were considerably reduced in size. A clear fluid was present in the pleural and peritoneal cavities in 4 calves with severe edema of the limbs, tail, and prepuce, and in 1 calf in which clinically detectable edema was restricted to the hind limbs. In severe cases, there was also a slight edema of subcutaneous tissue of the head.
The superficial lymph vessels were absent in some affected animals. In these cases the Methylene blue was spread within the subcutaneous tissue of the fetlock. Other affected cattle showed 1 or 2 thin vessels or a uniquely enlarged irregular channel. The number of lymphatic vessels observed in each limb of the affected calves is shown in Table 1 .
The weights of the prescapular, iliofemoral, and popliteal lymph nodes from 11 affected calves and from 2 control calves are shown in Table 2 . The affected calves were grouped according to size.
Microscopic lesions. The histologic lesions were characterized by hypoplasia, edema, and eventually sclerosis of the lymphatic sinuses. The lesions were mainly confined to the peripheral and mesenteric lymph nodes.
The prescapular, iliofemoral, and popliteal lymph nodes were reduced in size, but their overall architecture was maintained. The cortex was narrow with or without active lymphoid follicles. As a consequence of the edema, the cells of the external cortex and paracortical region were dissociated (Fig. 2) , giving the nodes a hypocellular appearance. The medulla was distended as a consequence of edema, with the medullary cords practically absent (Fig. 3) . The lymphatic sinuses were distended.
Collagen sclerosis was observed mainly on medullar lymphatic sinuses, with conjunctive and fibrous tissue proliferation forming irregular channels (Fig. 4) .
A subacute lymphadenitis of the peripheral lymph nodes in 1 animal was characterized by numerous immunoblasts and by the presence of active venules in the paracortical zone. The medullar zone was full of plasmocytes and plasmoblasts.
The efferent lymphatic vessels of the hilar region were dilated, with endothelial proliferation forming valvelike structures in some cases.
The subcutis was thickened by collagen fiber proliferation.
Other organs did not have significant lesions.
Genetic studies. The results of test matings between
the bull and his daughters or unrelated cows are shown in Table 3 . The 8 calves born with signs of the disease showed retarded growth as compared with the nonaffected animals, and 4 of the 8 died within the first year. All affected calves were apathetic before death, with signs of weakness. In 1 case, severe recurrent skin lesions were observed. In the summer, these lesions were associated with myiasis by Cochliomia hominivorax.
Another calf showed intermittent diarrhea before death. The macroscopic and histopathologic findings were similar to those observed in the affected calves born on the farms.
Discussion
The results of this study confirm the occurrence of hereditary congenital lymphedema in Hereford cattle. Of the 28 calves born from unrelated Hereford and Charolais cows mated with the suspect bull, 4 (14.3%) were affected (3 Herefords and 1 crossbreed), demonstrating the transmission of the disease by an autosomal dominant trait. However, the number of affected calves was lower than expected from Mendelian principles for a dominant trait (50%). This low number could result from incomplete penetrance of the gene or a variation of the expression of the gene, resulting in the occurrence of subclinical cases of lymphatic hypoplasia. This variation in expression is evident in the different degrees of edema observed, including 1 case in which the edema was only detected during the necropsy. In humans, the presence of an apparent "skipped" generation represented by individuals with minimal lymphedema has been reported. 4 Figure 2 . Photomicrograph of a section of popliteal lymph node from calf with congenital lymphedema. Note edema of subcapsular and medullar sinuses, and narrow cortex with few small follicles. HE stain. Hereditary congenital lymphedema has been previously described and is thought to be transmitted as a recessive trait in Ayrshire cattle, 3 as an autosomal dominant in dogs, 1,2 and as a dominant trait in humans. 4 In the disease described here, the distribution of the edema is very similar to that described in humans, in which the edema affected mainly the lower extremities and less frequently the upper extremities and genital organs. 4 A similar distribution has been described in dogs 7 in addition to instances of generalized edema. 2, 6, 8 However, the Hereford lymphedema appears to be different from the disease observed in Ayrshire cattle. In Ayrshires, mild cases with slight edema of the limbs were observed, but more affected animals had marked edema in the head, mainly in the ears and intermandibular space; calves with generalized edema were also reported. 3, 9 Transverse fissures of the skin appear to be caused by the lack of elasticity resulting from edema and subcutaneous fibrous tissue proliferation. These lesions were more frequent in front of the stifle and in the posterior fetlock, probably as a consequence of joint flexion during movements. The gross and histologic changes observed in peripheral lymph nodes, such as reduced size, absence of follicles, narrow cortex, and absence of popliteal lymph node, characterize a hypoplasia of a segment restrictive of the lymphatic system. Lesions of the lymphatic vessels, seen as absence of the superficial channels or presence of thin channels, also characterize a hypoplasia. In some cases, a uniquely enlarged lymph vessel was observed; this change, also observed in lymphangiographies performed in the affected animals,' was probably due to increased pressure of the lymph fluid as a consequence of lymphatic hypoplasia. Aplasia and hypoplasia of the lymphatic vessels have been observed in dogs and humans with hereditary lymphedema. 2, 5, 7, 8, 10, 12 Also, more numerous and enlarged lymph vessels have been observed in these species; such changes were interpreted as hyperplasia of lymphatic channels. 5, 7, 10 
